Abstract: Information on phytochemicals in the cob and husk of field corn is important for the use of corn waste in the production of value-added corn products. The objectives of this study were to evaluate the variation in monomeric anthocyanin content (MAC), total phenolic content (TPC), and antioxidant activity, as determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity and Trolox equivalent antioxidant capacity (TEAC) in 53 purple field corn genotypes, and to study the correlations of these traits with color parameters. Fifty-three corn genotypes were planted in a randomized complete block design with three replications in two locations in the dry season of 2015/2016. The effects of genotype, location, and the interaction between genotype and location were significant for most characters. Genotypic variation contributed to a large portion of the total variance for all traits, accounting for 63.9-86.9%. Corn genotypes were classified into six groups based on MAC, TPC, and antioxidant activity determined by the DPPH and the TEAC methods. The highest MAC, TPC, and antioxidant activity were obtained in TB/KND//PF3 and TB/KND//PF8 for husk, and only TB/KND//PF8 for cob. They should be used as parental lines to develop corn varieties with high phytochemicals. Chroma (C*) and hue (H • ) of color parameters could potentially be used as an indirect selection criterion for improving MAC, TPC, and antioxidant activity in cob. The information is useful for the improvement of phytochemicals in cob and husk of field corn.
Introduction
Corn (Zea mays L.) is an important cereal, as it serves human needs for food, feed, and fuel [1, 2] . Corn has many useful phytochemicals with health benefits such as carotenoids [3] , flavonoids, phenolic compounds, and anthocyanins [4, 5] . Purple corn is rich anthocyanin in cob [6, 7] , kernels [8] [9] [10] , husk [6] , and silk [11] , Therefore, corn is beneficial to health beyond its role as an ordinary food, as 42 .54" E and altitude 20 m), Thailand. The plot size had two 4 m long rows and a spacing of 0.8 m between rows and 0.25 m between plants within a row; recommended practices for the commercial production of corn were followed.
Sample Preparation and Extraction
Five ears from each accession in each replication were randomly harvested at physiological maturity (40 days after pollination) and oven-dried at 40 • C for 48 h. The anthocyanins in husk and cob were extracted according to the method described previously [29, 30] with minor modifications. The harvested tissues from each replication were combined into husk and cob pools that were ground into powder separately, and approximately 2 g of the powdered samples were loaded into 100 mL flasks with containing 20 mL of 100% methanol. The flasks were shaken on a multi-stirrer (Model ST-1200EC, Diligent, Nonthaburi, Thailand) at 200 rpm for 1 h at room temperature. The samples were further filtered through Whatman # 1 filter paper.
After filtration, the retentates were loaded again into flasks with volume of 100 mL containing 20 mL of 100% methanol, shaken on a platform shaker for 1 h, and filtered through Whatman #1 filter paper. The filtrates were evaporated in a rotary evaporator (Rotavapor R-3, Buchi, Switzerland) to reduce the volume from 40 mL to 10 mL at 60 • C and stored at −20 • C in the dark.
Determination of Monomeric Anthocyanin Content (MAC)
Total monomeric anthocyanin content in each sample, which was separated into husk and cob, was estimated using the pH differential method [31] . A UV-vis spectrophotometer (GENESYS 10S, ThermoScientific, Waltham, MA, USA) was used to measure the absorbance at 510 and 700 nm in a cuvette with a 1 cm path length. Total monomeric anthocyanin concentration (MAC), total monomeric anthocyanin per husk dry weight of one ear (MAC/e), and total monomeric anthocyanin per cob dry weight in one ear (MAC/e) were expressed as mg of cyanidin-3-glucoside equivalents per 100 grams dry weight (mg CGE/100g DW) of samples, calculated by using the following equation;
where A= (A510 nm − A700 nm)pH1.0 − (A510 nm − A700 nm)pH 4.5; MW (molecular weight) = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu); DF = dilution factor; 1 = pathlength in cm., ε = 26,900 molar extinction coefficient, in L·mol −1 ·cm −1 , for cyd-3-glu and 10 3 = factor for conversion from g to mg.
Determination of Total Phenolic Content (TPC)
Phenolic content in each sample was determined according to Folin-Ciocalteau's phenol reagent (FC reagent) procedure with minor modification [32] . The reaction was prepared by mixing 0.5 mL methanol extract, 2.5 mL water, and 0.5 mL FC reagent, which was pre-diluted from 2 M to 1 M with distilled water. The mixture was set aside at room temperature for eight minutes and 1.5 mL Na 2 CO 3 solution was added into the mixture. The mixture solution was allowed to stand for 120 min at room temperature. Then, the absorbance was read at 765 nm using a UV-visible spectrophotometer. A calibration curve was prepared using a standard solution of gallic acid (20, 40, 60, 80 , and 100 µg/mL). The total phenolic content (TPC), total phenolic content per husk dry weight of one ear (TPC/e), and total phenolic content per cob dry weight in one ear (TPC/e) was expressed as mg gallic acid equivalents /100grams dry weight of samples (mg GAE/100g DW).
Determination of Antioxidant Assay
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging activity assay was determined by measuring the capacity of bleaching a black colored methanol solution of DPPH radicals as reported by [32] . Briefly, the reaction for each sample was prepared by mixing 4.5 mL methanolic solution of DPPH (0.065 mM) and 0.5 mL of solution extract or a standard solution. The reaction was conducted at room temperature for 30 min before the absorbance was recorded at 517 nm. The radical scavenging activity of the extracts was calculated as follows:
where Ao is the absorbance of the control solution (0.5 mL extraction solvent in 4.5 mL of DPPH solution), A1 is the absorbance of the extracts in DPPH solution and As, which is used for error correction arising from unequal color of the sample solutions, is the absorbance of the extract solution without DPPH. The value was expressed percentage (%) of DPPH free radical scavenging activity assay. Trolox equivalent antioxidant capacity assay (TEAC) for each sample was determined according to the method described [32] with minor modifications. Briefly, ABTS + radical cation was generated by a reaction of 7 mmol/L ABTS and 2.45 mmol/L potassium persulfate. The reaction mixture was allowed to stand in the dark at room temperature for 16-24 h before use; the mixture was used within 2 days. The ABTS + solution was diluted with methanol to an absorbance of 0.700 ± 0.050 at 734 nm). Fifty microliters of the diluted extract were mixed with 2.0 mL of diluted ABTS+ solution for 6 min at room temperature and the absorbance was immediately recorded at 734 nm. Trolox solution (100-1000 µM) was used as a reference standard. The value was expressed as micromoles Trolox equivalents (TE) per 100 grams of dry weight (µmol TE/100g DW).
Color Measurement
Color parameters were measured from five ears in each plot, which were separated into husk and cob, by HunterLab miniscan EZ colorimeter (Mod. MSEZ-4500L, Hunter Associates Laboratory Inc., Reston, VA, USA), and the colorimeter was calibrated prior to data collection with a HunterLab calibration standard white and black reflector plate. The color values for each sample of husk and cob were determined from five ears. Three husks from each ear were divided into nine pieces (top, middle, and bottom of the ear), whereas each cob was measured at three parts (top, middle, and bottom of the ear). The color was expressed as C* and H • . The chroma (C*) represented color intensity and hue (H • ) expressed in degree range from 0 • to 360 • (0 • = red, 90 • = yellow, 180 • = green and 270 • = blue) [26] .
Statistical Analysis
Individual analysis of variance (No. 1-47 lines) was performed for each character of each locations in husk and cob separately, and error variances were tested for homogeneity [33] . The statistical model is:
where Y ijk was mean of genotypes i in the location j and block k, m was mean, Bi was block effects, L j was locations effects, G k was genotypes effects, LG jk was interaction between locations and genotypes effects, e ij was locations error effects, and e ijk was pooled error effects. Least significant difference (LSD) was used to compare mean differences at 0.05 probability level. The correlation between color parameters (chroma and hue) vs. total anthocyanin content, total phenolic compounds, and antioxidant activities (the DPPH and the TEAC methods) was determined by Pearson's correlation analysis. Hierarchical agglomerative clustering was then performed for antioxidants and their activity using the Ward criterion with the JMPPro software (version 13.0, SAS institute Inc., Chicago, IL, USA). 
Results and Discussion

Genotypic Variability
Differences in locations for both husk and cob were significant (P ≤ 0.01) for monomeric anthocyanin content (MAC), monomeric anthocyanin content per ear (MAC/e), total phenolic content (TPC), total phenolic content per ear (TPC/e), 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (DPPH), Trolox equivalent antioxidant capacity (TEAC), and chroma (C*) except for hue (H • ) in husk (Table 2) . Difference in genotype and genotype by location interactions were significant (P ≤ 0.01) for all traits. Genotypes 1-47 were calculated analysis of variance without check varieties. SOV source of variation, df degree of freedom, MAC monomeric anthocyanin content MAC/e monomeric anthocyanin content per ear, TPC total phenolic content, TPC/e total phenolic content per ear, DPPH 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability, TEAC Trolox equivalent antioxidant activity, C* Chroma, and H • Hue angle. ns, ** non-significant and Significant at P ≤ 0.05 and 0.01, respectively. a number within the parentheses is percentage of sum squares to total sum of squares.
In husk, location showed low to moderate contribution to total variations of MAC, MAC/e TPC, TPC/e, and antioxidant activity (4.5%-15.8%) and color parameters (0.0%-23.2%). Genotype contributed to a large portion of total variations in TPC/e (77.7%), MAC/e (72.4%), TPC (71.6%), MAC (66.7%), DPPH (66.2%), TEAC (63.9%), C* (48.8%), and H • (45.2%). However, the contributions of interaction between genotype and location to total variations were low to moderate for color parameter (18.5-49.8%) and MAC, MAC/e TPC, TPC/e and antioxidant activity (15.9%-27.8%).
In cob, location made small contributions to total variance of MAC, MAC/e TPC, TPC/e, and antioxidant activity (0.4%-3.0%), as well as color parameters (1.4%-4.7%). Genotype contributed to a large portion of total variance in TPC/e (86.9%), DPPH (86.9%), TEAC (86.1%), TPC (85.3%), MAC/e (84.9%), MAC (83.2%), C* (74.6%), and H • (70.0%). However, most interactions between genotype and location were low to moderate for color parameter (15.5%-21.9%) and MAC, MAC/e TPC, TPC/e, and antioxidant activity (10.3%-14.1%).
In this study, although locations were significantly different for most traits except for hue, location contributed to the smallest portions of total variations for these traits, and the contribution of genotype by location interaction was also low compared to the highest contribution of genotype. Low contribution of genotype by location interaction indicated that the genotypes performed consistently across locations. In other words, the genotypes that performed poorly at one location also performed poorly in other locations and vice versa. However, the presence of significant interactions of genotypes by location also indicated the inconsistent performance of some genotypes across locations. Therefore, genotypes require extensive evaluation in several locations.
Direct comparison with other studies for the effects of location is not possible, as the authors could not find related reports in the literature. However, season also had a small effect on MAC, TPC, DPPH, and TEAC in waxy corn kernel [9] , and environment had small effects on phytochemicals related to antioxidants in cereals [34] . Low genotype by location interactions in this study were in agreement with those in the previous studies, confirming the low effects of environment on the variations in these traits. Although the effect of genotype by location interactions were low, the presence of significant effects might be due to noise from the selection programs, and hinder the progress of selection of field corn breeding for increasing monomeric anthocyanin content, total phenolic content, and antioxidant activity determined by the DPPH and the TEAC methods in both husk and cob.
Genotypes were significantly different for MAC, MAC/e, TPC, TPC/e, DPPH, and TEAC in both husk and cob, and genotype contributed the largest portions of total variance for these traits, ranging from 45.2% to 77.7% in husk and 70.0% to 86.9% in cob. In previous studies in corn kernels, genotype also had higher contribution to total variance for these traits than did environment and genotype by environment interactions [9, 35, 36] . The results in this study agreed with those in the previous studies, although direct comparison of the results for corn cob and husk is not possible. High variation among genotypes for these traits suggested it is possible to improve these traits through conventional corn breeding.
The contributions of genotype by location interaction to total variance in MAC, MAC/e, TPC, TPC/e, DPPH, and TEAC were low to moderate, from 15.9% to 49.8% in husk and 10.3% to 21.9% in cob. The previous studies reported that the genotype by environment interaction had significant effects on anthocyanins and antioxidant activity in waxy corn cob [8] , physicochemical components in white land lace maize [37] , lutein, α-carotene, β-carotene, and pro-vitamin A content in tropical adapted maize [38] and grain yield in maize [39] and in double haploid-hybrid maize [40] . However, analysis of variance in each location in this study indicated that only few genotypes in group A performed consistently across locations for anthocyanin content (Data not shown). The variations caused by genotype and environment interactions are important for selection of superior genotypes, and evaluation in multiple locations is still required.
Cluster Analysis
A dendrogram based on MAC, TPC, DPPH and TEAC classified 1-47 genotypes and 6 check varieties into six distinct groups (Figure 1 ). Group A consisted of 11 genotypes (TB/KND//PF3, TB/KND//PF7, TB/KND//PF8, TB/KND//PF9, TB/KND//PF10, TB/KND//PF11, TB/KND//PF12, TB/KND//PF14, TB/KND//PF15, TB/KND//PF16, and TL/PF//KND10-11) (Figure 2b ). Most of them had the highest values of MAC, TPC, DPPH, and TEAC in husk and cob (Table 3) . TB/KND//PF3 and TB/KND//PF8 were the best genotypes in this group. These genotypes should be used as parental lines to cross with high yielding varieties to create base populations for further population improvement using appropriate selection strategies.
TB/KND//PF8 were the best genotypes in this group. These genotypes should be used as parental lines to cross with high yielding varieties to create base populations for further population improvement using appropriate selection strategies. Dendrogram of genetic relationships among 53 genotypes. Two ways Ward's cluster analysis based on antioxidants and antioxidant activities traits. Six main clusters (A to F) were formed, MH monomeric anthocyanin content on husk, MC monomeric anthocyanin content on cob, PH total phenolic content on husk, PC total phenolic content on cob, DH 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability on husk, DC 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability in cob, TH Trolox equivalent antioxidant capacity in husk, TC Trolox equivalent antioxidant capacity on cob. Dendrogram of genetic relationships among 53 genotypes. Two ways Ward's cluster analysis based on antioxidants and antioxidant activities traits. Six main clusters (A to F) were formed, MH monomeric anthocyanin content on husk, MC monomeric anthocyanin content on cob, PH total phenolic content on husk, PC total phenolic content on cob, DH 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability on husk, DC 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability in cob, TH Trolox equivalent antioxidant capacity in husk, TC Trolox equivalent antioxidant capacity on cob. 
Correlation
Color Parameters vs. Antioxidant Content Relationship
It is possible to use color parameters (C* and H°) as a selection tool for phytochemical concentration and antioxidant activity if the correlations are high enough. Monomeric anthocyanin content in husk, phenolic content in husk, antioxidant activity determined by the DPPH and the TEAC methods in husk, monomeric anthocyanin content in husk/ear, and phenolic content in husk/ear were negatively and significantly correlated with chroma in husk ranging from −0.31to 0.54 and hue in husk ranging from −0.12 to 0.19, whereas monomeric anthocyanin content in cob, phenolic content in cob, antioxidant activity determined by the DPPH and the TEAC methods in cob, monomeric anthocyanin content in cob/ear, and phenolic in cob/ear were not correlated with chroma in husk and hue in husk ranging from −0.05 to 0.1 (Table 5 ). The effects of genotype by location interaction on MAC, MAC/e, TPC, TPC/e, DPPH, and TEAC were low to moderate in 6 group (A-F). In contrast, in earlier research on anthocyanin in waxy corn kernels, genotype by season interaction was shown to have a low effect [9] . However, small but significant interactions between genotype and environment might hinder the progress of selection programs, and multiple-location trials are necessary to identify the superior genotypes for these traits. Least significant difference (LSD) was used to compare mean differences at P ≤ 0.05 level of 1-47 genotypes without check varieties. 1 The corn genotypes were classified into group A and check varieties based on MAC monomeric anthocyanin content (mg CGE/g 100 DW) MAC/e monomeric anthocyanin content per ear (mg CGE/100g DW), TPC total phenolic content (mg GAE/100g DW), TPC/e total phenolic content per ear (mg GAE/100g DW), DPPH 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (%), TEAC Trolox equivalent antioxidant activity (µmol TE/100g DW).
Monomeric Anthocyanin Content
In husk, as the error variances for all characters were homogenous, the data of two locations were averaged, and combined data of two locations for each genotype were reported. The dendrogram was able to classify the high value group (group A), and they were significantly different from the low value group (group C) and higher than check varieties (Table 3 ). The highest MAC in husk was observed in TB/KND//PF8 (2225.8 mg CGE/100g DW) and TB/KND//PF3 (2093.6 mg CGE/100g DW), respectively. TB/KND//PF8 and TB/KND//PF3 were also the highest genotypes for MAC/e in husk.
In cob, the dendrogram classified the high group and the low group, and these groups were significantly different for MAC in cob. In the high value group (group A), the data averaged from two locations showed that TB/KND//PF8 had the highest monomeric anthocyanin contents in cob (2022.1 mg CGE/100g DW), and it was significantly different from low value group (group C) and higher than check varieties, whereas TB/KND//PF7 had the highest MAC/e (204.9 mg CGE/100g DW) ( Table 4) . Table 4 . Means for monomeric anthocyanin content, total phenolic content and antioxidant activity determined by DPPH 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability and TEAC Trolox equivalent antioxidant capacity in cob of 11 genotypes (Group A) and 6 check varieties averaged over two locations. Least significant difference (LSD) was used to compare mean differences at P ≤ 0.05 level of 1-47 genotypes without check varieties. 1 The corn genotypes were classified into group A and check varieties based on MAC monomeric anthocyanin content (mg CGE/g 100 DW) MAC/e monomeric anthocyanin content per ear (mg CGE/100g DW), TPC total phenolic content (mg GAE/100g DW), TPC/e total phenolic content per ear (mg GAE/100g DW), DPPH 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (%), TEAC Trolox equivalent antioxidant activity (µmol TE/100g DW).
Cob
In this study, husk had higher MAC (2225.8mg/100g DW) than did cob (2022.1 mg/100g DW). The ranges of MAC in cob and husk of field corn in this study was higher than that in cob of purple field corn [7, 29, 41] and purple waxy corn [42] , but lower than in husk of pod corn [6] . The range of MAC in corn cob and husk in this study was much higher than in purple carrot (44-57 mg/100g DW), red cabbage (198 mg/100g DW), purple cauliflower Graffiti (201 mg/100g DW), purple potato (48-97 mg/100g DW) [43] , black rice (327 mg/100g DW) [44] , and black rice bran (256 mg/100g DW) [18] .
The ranges of anthocyanins in corn varied depending on plant parts such as kernel (106 to 680 mg/100g DW) [9, 10, 45] , husk (18,900 mg/100g DW) [6] , cob (34 to 1333 mg/100g DW) [29, 30, 42] , and silk (2.3-6.3 mg/100g DW) [10, 11] . It is interesting to note here that husk and cob had higher anthocyanin than did other parts of corn. Therefore, breeding for improving the levels of anthocyanin in husk and cob will increase the value of waste in corn production.
Total Phenolic Content
In husk, on the averages of two locations, TB/KND//PF3 (2945.0 mg GAE/100g DW), TB/KND//PF10 (2804.4 mg GAE/100g DW) and TB/KND//PF8 (2797.2 mg GAE/100g DW) had the highest TPC in husk, and the high value group (group A) were significantly higher than the low value group (group C) and check varieties. These genotypes were also highest for TPC/e in husk (Table 3) .
In cob, on the averages of two locations, the highest TPC in cob were observed in the high value group (group A),the data averaged from two locations showed that TB/KND//PF12 had the highest TPC in cob (2663.7 mg GAE/100g DW); it was significantly different from low value group (group C) and check varieties, whereas the highest TPC/e were observed in TB/KND//PF12 (23,108.0 mg GAE/100g DW) and TB/KND//PF7 (22,852.0 mg GAE/100g DW) ( Table 4 ). The high groups (group A) for TPC and TPC/e were significantly higher than the low value group (group C).
Antioxidant Activity
In husk, on the averages of two locations, the highest antioxidant activity values determined by DPPH method were observed in TB/KND//PF3 (81.3%), TB/KND//PF8 (78.2%), and TB/KND//PF 10 (77.4%) ( Table 3 ). The high value group (group A) had the antioxidant activities values ranging from 63.2% to 81.3%, which were significantly higher than the low value group (group C) and check varieties.
On the averages of two locations, the highest values of antioxidant activity determined by TEAC method were observed in TB/KND//PF3 (20,085.0 µmol TE/100g DW) and TB/KND//PF 10 (15,092.0 µmol TE/100g DW) ( Table 3 ). The antioxidant activities in the high value group (group A) were significantly higher than in the low value group (group C) and check varieties.
Antioxidant activity in cob was determined by the DPPH and the TEAC methods. TB/KND//PF8 (66.2%), TB/KND//PF14 (65.4%), and TB/KND//PF12 (64.9%) were the highest genotypes for DPPH, whereas TB/KND//PF12 (16,897.0 µmol TE/100g DW) and TB/KND//PF8 (16,849.0 µmol TE/100g DW) were the highest genotypes for TEAC (Table 4 ).
Correlation
Color Parameters vs. Antioxidant Content Relationship
It is possible to use color parameters (C* and H • ) as a selection tool for phytochemical concentration and antioxidant activity if the correlations are high enough. Monomeric anthocyanin content in husk, phenolic content in husk, antioxidant activity determined by the DPPH and the TEAC methods in husk, monomeric anthocyanin content in husk/ear, and phenolic content in husk/ear were negatively and significantly correlated with chroma in husk ranging from −0.31to 0.54 and hue in husk ranging from −0.12 to 0.19, whereas monomeric anthocyanin content in cob, phenolic content in cob, antioxidant activity determined by the DPPH and the TEAC methods in cob, monomeric anthocyanin content in cob/ear, and phenolic in cob/ear were not correlated with chroma in husk and hue in husk ranging from −0.05 to 0.1 (Table 5 ). Color parameters have been used to measure chromaticity values of food in industry and samples of plants in plant breeding for high β-carotene and lycopene in tomato [27] and high carotenoid in maize [28] . In this study, chroma in cob had moderate correlations with monomeric anthocyanin content, total phenolic content and antioxidant activity determined by the DPPH and the TEAC methods in cob, ranging from −0.68 to −0.74. Hue in cob had moderate correlations with monomeric anthocyanin content, total phenolic content, and antioxidant activity determined by the DPPH and the TEAC methods in cob, ranging from −0.55 to −0.65 (Table 5 ). In a previous study, the color parameter chroma and hue was closely related to monomeric anthocyanin content, total phenolic content, and antioxidant activity determined by the DPPH and the TEAC methods in corn kernels [9] . The results in this study agreed with those in previous studies. Therefore, chroma and hue could be used as indirect selection for monomeric anthocyanin content, total phenolic content, and antioxidant activity determined by the DPPH and the TEAC methods in corn cob. In contrast to the color parameter, the correlations between chroma and hue with monomeric anthocyanin content, total phenolic content, and antioxidant activity determined by the DPPH and the TEAC methods in corn husk were low. Therefore, chroma and hue should not be used as indirect criteria for selection of these traits in husk.
Antioxidant Content vs. Antioxidant Activity Relationship
All phytochemicals and antioxidant activity (both in husk and cob) were negatively and significantly correlated with chroma in cob ranging from −0.39 to −0.74 and hue in cob from −0.28 to −0.65. Monomeric anthocyanin content in husk and cob was significantly and positively correlated with Monomeric anthocyanin content per ear, total phenolic content, total phenolic content per ear, and antioxidant activity determined by the DPPH and the TEAC methods. Similar results were also reported in blueberry, cranberry, blackberry [46] , and purple waxy corn kernel [8] [9] [10] . The results suggested that selection for high anthocyanins will result in the increase in total phenolic content and antioxidant activity.
Conclusions
The corn genotypes clusters were classified into six groups based on phytochemicals and antioxidant activity. TB/KND//PF3 and TB/KND//PF8 had the highest MAC, TPC, and antioxidant activity in husk. TB/KND//PF8 had the highest MAC, TPC, and antioxidant activity in cob. Chroma and hue in cob were closely correlated with MAC, TPC, and antioxidant activity, and this parameter may be useful as a selection criterion for these traits. The information obtained in this study is important for reducing waste in corn production. 
